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Description 
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based on isobutylene polymer and the glass is filled with a traditional two-component sealing 
compound that hardens at room temperature and serves to form an elastic bond. The internal 
strand of the thermoplastic material not only assumes the function of a "spacei" but also serves 
as a water vapor and gas barrier and serves as a desiccant. 

This insulating glass manufacturing system has the great disadvantage that elastic seaUng of tiie 
multilayer insulating glass units requires the use of a two-component sealing compound tiiat 
cures at room temperature, so tiiis means that there are rinsing losses and downtimes for the 
sealing equipment and tiiere may even be a "waxy blockage" of the sealing apparatus due to slow 
curing of tiie material residues remaining in the mixer. Another disadvantage is tfiat a certain 
waiting time must be observed; within tiiis waiting period tiie two-component seaHng compound 
must crosslink to a certain minimum hardness before the multilayer insulating glass units can be 
stacked, packaged and shipped. 

Japanese Patent Application JP A-09086975 describes a metiiod for producing a flexible, self- 
stick rubber-like spacer for double layer insulating glass witii which a spacer is produced ftom a 
mixture of a partially crosslinked butyl rubber with an organosilicon compound, a desiccant and 
additional ingredients (tackifier, reinforcing and non-reinforcing fillers). One disadvantage of this 
mediod is tiiat it yields merely a physical mixture of die components in which flie incorporated 
organosilicon compound functions only as a primer when applied to glass and no chemical 
bonding to the polymer (partially crosslinked butyl rubber) is possible. 

Unexamined German Patent DE-A-196 24 236 discloses a hot-melt adhesive composition for 
producing insulating glass witiiout die use of additional spacers; tiiis composition is a mixhire of 
silane-functional polyisobutylenes, silane functional hydrogenated polybutadienes and/or silane- 
functional poly-o-olefins witii non-reactive polymers such as rubbers, poly-a-olefins or 
polybutenes. One disadvantage is tiiat tiie hydrogenated polybutadienes and poly-o-olefins that 
are used have only Umited suitability as tiie main components of tiie mixture due to tiieir high 
water vapor permeability; secondly, syntiiesis of tiie silane-functional polyisobutylenes can take 
place only in a tedious multi-step process starting witii olefinically terminated or hydroxyl- 
terminated telecheles (oligomers witfi two fiinctional end groups) by reaction wifli suitable 
organofunctional silanes. The possibility of grafting (reaction between a polymer and anoflier 
molecule tfiat is usually small, forming a polymer witii a side group on tiie main chain) is also 
mentioned in tiiis publication; in tiiis case ttie reaction of organofunctional silanes witii 
nonfunctional polyisobutylenes cannot be implemented because tiie saturated hydrocariJon chains 
of isobutylene units disintegrate into shorter chain fragments in tfie reaction (see, for example, K. 
Kircher, Chemische Reaktionen bei der Kunststqffverarbeitmg [Chemical Reactions in Plastics 
Processing], Carl Hanser Veriag, Munich, Vienna 1982, p. 218). 

In tiie Patent AppUcation EPA-A-0 312 967, a sealing compound for double layer insulating 
glass witii a metal spacer is described; tfiis sealing compound contains a polymer witii a 
relatively low molecular weight (500 to 30,000 g/mol) which is composed of a saturated 
hydrocarbon with at least one crosslinkable group containing silicon. Such polymers witfi a 
molecular weight of 1000 to 15,000 g/mol are preferred. It is a disadvantage here that because of 
die low molecular weight of tiie crosslinkable polymer, it is indeed possible to obtain low- 
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insulating gla« mits^iUiom^S Z^J t IT^ '° ^ 
foreqdpn^n.nai.gsolva^andwiV-nd^r^^v^^'^:^^.'' ^' 

insulaiing glass can be prodLdin^Ki^v^fe^w!^ ""^ ""^ch 

addition it may be usedL a «^«^^oS: ^ '*'<™' »««»«"S ^"eps. and in 

' silane-mcdificd b„,y, n,bber 

trough isoba.aoterL^f'sr.irx^:""^ ' " " 

(a) sUane-modified butyl rubber 5.70% 

(b) thennoplastic polymer 5^^' 

(c) rubbers 

(d) tackifying additives 5.50^ 

(e) crosslin]dng catalysts 0-2%" 

(f) adhesion promoter substances 0-5% 

(g) stabilizers q 

(h) reinforcing and non-reinforcing fillers 5^% 
(Odesiccants - 

The inventive sealing compound preferably has the following composition: 

(a) silane-modified butyl rubber 10-60% 

(b) thennoplastic polymers 7 ^cer 

(c) rubbers 

(d) tacldfying additives 

(e) crosslinldng catalysts o-l% 

(f) adhesion promoter substances 0-3% 

(g) stabilizers q 2.3^ 

(h) reinforcing and non-reinforcing fillers 7150%" 
(Odesiccants 5.35^ 
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Butyl rubber is a commerciaUy available polymer consisting of isobutylene and isoprene 
monomer units, where the isoprene units arc present only in a small amount, usually up to 
3 mol% in the polymer (examples include various grades of butyl fiom the companies Bayer AG 
Exxon Chemicals and Kautschuk Gesellschaft [Rubber Company]). 

PartiaUy crosslinked grades of butyl rubber with a degree of crosslinking of up to 80% are 
available commercially and are accessible to functionalization; they are obtainable, e.g., by 
polymerizing a Afunctional monomer (e.g., divinylbenzene) or by subsequent crosslinking of 
butyl rubber (examples include LC butyl from Exxon Chemical, Kalar fiom Hardman and 
Polysar Butyl XL from Bayer). 

The silane functionalization of the butyl rubber is achieved by reacting the solid butyl rubber 
(molecular weight >30,000 g^mol) at an elevated temperature in a suitable mixing unit, e.g., a 
compounder or a single-screw extiiider or a twin-screw extruder witii a silane Uiat contains 
mercapto groups and is crossUnkable via hydroxyl groups or hydrolyzable groups and with a fiee 
radical forming agent. Elevated temperature here means a temperature close to or above die 
decomposition temperature of the fiee radical forming agent which may decompose into fiee 
radicals (splitting off a volatile component such as nitrogen in some cases). These free radicals 
cause abstraction of a hydrogen atom from die mercapto group of die silane that contains 
mercapto groups, forming a sulfur radical. This sulfur radical can tiien rcact with the original 
isoprene unit within the main chain of the butyl rubber by substitution on tiie methylene group 
that is vicinal to the double bond or by addition at the double bond, thereby permitting covalent 
bonding of the silane that contains ma:capto groups to the polymer. 

It is advantageous here that no additional instiument expense is necessary for this reaction. The 
reaction can be carried out in the same equipment in which the oflier ingredients are combined to 
form the sealing compound according to this inventi<»i. 

The silane tiiat contains mercapto groups can be described by the following general formula: 

[see source for formula] 

wherein 

A denotes (CHa)^ or R'-NH-CO-NH-R" or R'-O-R" or R^-S-R" and 

m^ stands for a number between 1 and 10, preferably 1 to 6, especially preferably 3, and ' 

R , R stands for a substituted or unsubstituted alkyl group with 1 to 20 carbon atoms or a 

substituted or unsubstituted aryl group witii 6 to 20 carbon atoms or a substituted or 

unsubstituted aralkyl group with 7 to 20 carbon atoms and 

R' and R^ may be die same or different and 

X stands for hydroxyl group or a hydrolyzable group and when tiiere are several X groups in a 

molecule, they may be the same or different and 

a stands for 0, 1 or 2 and 

b stands for 0, 1, 2 or 3 and 

the sum of a and b is no greater than 4 and 

n is an integer between 0 and 19 and 
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R andR may be the same or different 

group or an alkeneoxy group. Of the eroum i^T^ T^^^J^T ^ ^"^''^ Sroup. a mercapto 
theyundergohydrolys^s^d^^lJSnf^l^ 

ftefened sUanes containing meicapto groups include: 

[see source for foimula] 

[see source for fonnula] 
[see source for formula] 

peroxide). hyd^>pemx■d«^.g.,«;,S■^^^SJS^ ^^'""^ '^"^ " 

caAon atoms or R = araIkyTi„r^ft * ^^T"^ "'"^ = gn>up wiU, 6 «> 20 
P«Dxidaa%ai)) or flom the ^.up oTotherttot^^T" " ^.""•^'"^ hydrogen 
reactioiu, can be petfonned to^vmL ™u 2 J^, ^amegrate tato ndicab. it^ 
diomyl paoxide and dibenzoyi " '«*"»«""«3™«i«le, di<«^»,yl pe,„ride. 

-«a.o.n.tio„edi:xan.p,e.,.h:2:CLl:;^^ 
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^^^P^^' 2,2'-azobisisobutyronitrile decomposes at more than 50°C and dicumyl peroxide at 
more than 82°C. The reaction of butyl rubber with a silane that contains mercapto groups and a 
free radical fonning agent is carried out in a suitable apparatus, preferably in a compounder, a 
single-screw extruder or a twin-screw extruder at temperatures up to approx. 220°C. The reaction 
temperature is preferably between BQfC and 220*0. 

Instead of butyl rubber, a butyl rubber that is already partially crossUnked may also be used as the 
starting material for production of the silane-modified butyl rubber. 

In addition to the silane-modified butyl rubber, the sealing compound also consists of other 
ingredients which improve the properties of the sealing compound. These ingredients include 
thermoplastic polymers, natural and synthetic rubber, tackifying additives, crossUnldng catalysts 
which catalyze the hydrolysis and crossUnldng of the silane groups, adhesion promoter 
substances such as sUanes or metaUates, stabiHzeis such as antioxidants, reinforcing and non- 
reinforcing fillos, desiccants. 

Examples of thermoplastic polymers include polyolefms as homopolymers or copolymers 
composed of the monomers etiiylene, propylene, n-butene and their higher homologs and 
isomers, functional vinjd compounds such as vinyl acetate, vinyl chloride, styrene o- 
metfiylstyrene and unsaturated acid derivatives such as acryUc acid, methaciylic add acrylates 
metiiacrylates and acrylonihile. Other examples include polyamides [nylons], polyimides,' 
polyacetals, polycarbonates, polyesters and polyurethanes as well as blends of aU the polymers 
mentioned above. 

Nahiral and syntfietic rubbers may be selected from the group of homopolymers of dienes and the 
group of copolymers and terpolymers of dienes witii olefins. Examples include polybutadiene 
polyisoprene. polychloroprene. styrene-butadiene nibber, block copolymers witfi blocks of 
styrene and butadiene or isoprene, butyl rubber, high-molecular polyisobutylene, ethylene- 
propylene rabber and ethylene-propylene-diene rubber, e.g., with dicyclopentadiene or ethylidene 
norbomenes as flie diene component. The rubber may also be used in hydrogenated form or in 
blends. However, the sealing masses according to this invention may also be produced without 
rubber. 

t 
( 

Tackifying additives may be selected from the group of natural and synthetic resins including 
tiiose tfiat are modified subsequenUy and include, for example, hydrocarbon resins, colophony 
and denvatives tiiereof, polyterpenes and derivatives tfiereof, coumarone-indene resins, phenolic 
resins and acrylate resins and from the group of polybutenes, polyisobutylenes and degraded 
liquid rubbers (e.g., butyl rubber or EPDM) which may also be hydrogenated. Mixtures of tiie 
tackifying additives listed above may also be used. 

Crosslinking catalysts may include all reagents that catalyze tiie hydrolysis of the silanes 
contaimng mercapto groups and tiie subsequent crossUnking reaction by condensation of tiie 
silanol groups. EspeciaUy preferred examples include tin compounds such k dibutyltin dilaurate 
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Un octylate. dibutyltin dimaleate. dibutyltin diacetvl acefnn,.. .a 

oxide and esters of phthalic add, aS tStHlnt^^ ^^^^^^ 

acetonate. zirconium tetra-acetyl acetonate or^l^nf aluminum-tris-acetyl 

and their derivatives suc^t^^ZZ Z^lT'""^^ 

diethanolamine. triethanolamine monSl ' ^^^^n^' monoethanolamine. 

weD as mixturcs of the cmSn^SS^ triethylenetetramine. etc.. S 

n^y also beprcparcd Without usin/c^^^S;^^^^^^^ 

Adhesion promoter substances may be selected 

glycidyloxypropyl trialkoxysilane. 3 LL^!? ^ g- 3- 

trialkoxysilane. 3-methacnrlo^!;lT tnalkoxysilane. n-aminoethyl-3-aminopropyl 

trialkoxysilane. 3-mercapS^fSixv2rr^^^^ «^*>-y««^e. isobutyl 

ester., e.g.. tetra-alky, orAosiliSLt?Sr~ mln^^ '^"^ 
tetra-alkyl zirconates as well as mixturesTthe XI '^"^'^^ ^^^^t^ or 

inventive seaUng compound nTS^ ^ n^ '"^'^'^ ^^^e. lT,e 

substances, however. ^ ^^^"^ ^ of adhesion promoter 

^^^S^^^^^ Phenol type (e.g.. 

based antioxidant type, such as m^^J^c i/? P^»onate]methane or of the sulfur- 

Sftmium dioride. ^« fibers. ^T*^ ^ ""y- quartz, 

mixinres theieof. ^ ""mmnmi powder and zinc powder and 

a« capable of very effectiveK ^^^l^Z^T'^,'" ^ ""^^ ^"^^ 0>^y 
nitrogen, oxygen^ a^. JafiS flly *,?JC^ 

screw exmider) with lid, Zrine aSTli '™"-««wextn«ler or single- 

P«>tective gas or ,„ vaStt^^L^^S^^ T *> <« I»rfom,ed under a 

ofU.ebu.y,rubber.««bee„pe.,^rLt:LTr^t^ 

component and the catalyst togkh™ ^d, f?^!lT?f '»«»«iients to fonn a first 

polymers forms the second co^..^* SZc^^Z' " ^"""oP'^^fic 

..Xing apparan^ shortly ^cJ:'T^°'X''^T.'^^J^_ 
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. Because of the coohng after application, this sealing -compound achieves the natural strength 
required for handling immediately after fabrication of die insulating glass unit, in contrast witii 
two-component sealing compounds known in the past which are initially in the fonn of a paste 
and develop their natural strength only as a result of the crossUnking reaction In this 
embodiment, the better stability of the two components in storage is another advantage. 

In another embodiment, the second component may be water or fillers tiiat release water (e e 
hydrogen caibonates [Wcaibonates], hydrogen sulfates (acid sulfates], phosphates, phosphites' 
hydroxides, bone acid, clays, etc.) which accelerate die crosslinking of the sealing compound and 
thus advantageously accelerate the curing. The mixture of die two components is preferably 
performed here again just before application of the sealing compound to the pane of glass. 

The inventive sealing compound may be used for production of multilayer insulating glass 
witiiout any additional spacer and then performs die foUowing functions: 

! spacer between tiie glass sheets of the multilayer insulating glass; 

! matiix for the desiccant for drying die volume formed by die sheets of glass and 

the edge structure in the insulating ^ass unit; 
! barrier for water vapor which tends to penetrate through die sealing compound 

into the insulating glass unit from the outsit; 
! barrier for gases which tend to escape from die insulating glass unit dirough die 

sealing compound to the outside; 
! elastic edge sealing. 

The natural sttengtii of die sealing compound which is required for handling die finished 
insulating glass unit is achieved immediately after fabrication by cooling after application. This is 
an advantage in comparison widi die two-component seaUng compounds based on polysulfide or 
polyureUiane which are traditionally used and which cure at room temperature but react only in 
die course of a crosslinking reaction to be converted bom a pasty compound to a crossUnked 
body having dimensional stability. The silane modification of die seaUng compound according to 
this invention permits first a better adhesion to die polar glass surface and second a crosslinking 
imtiated by moisture and dius a greater elasticity of die sealing compound. 

t 
I 

The multilayer insulating glass produced witii die sealing compound according to diis invention 
may also be filled primarily widi at least one noble gas (e.g., argon, krypton or xenon), at least 
one heavy gas (e.g., sulftir hexafluoride) or mixtures of die two types of gas in order to improve 
the thermal insulation and sound insulation properties. 

The method for producing multilayer insulating glass using die inventive seaUng compound is 
divided into the following steps: 

! application of die inventive sealing compound to die edge area of a sheet of glass 
by means of a suitable apparatus (e.g., extiuder or drum piunp); 
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' cTv^^°"°'"'^"'''»~'*8>-s.ofl« waling oon,po„„d wift 
! pressing to insulating glass unit to the predetermined thickness; 

coowaison ™th the sealing c<Ipo^^^^^"^^'T^,'" "f*^°« " 

l««d on polysulfide or ^lyutStane SS^^ ^^T^^H 

MmosphCDC humidity) with a good water vafTZHJTffi^ "^h 

to glass. In addition it J^Z^^^.' . *f'^^'^e'>°^^^ 

eliminating several '^'^^ 

damaged or useless iLlatingglaiTniBo^nrr P™*^" ftoh«™>«. 

the individual componj^te ie d^^a'^?^^ "^"^ 

coapo^d. m the crossUnbng of co^rSdT^XtSn^S ^h^S: ,f 
group, the Si-OH erouns am fircf f«rr«o^ K u a , ^ " -X^ »s a hydrolyzable 

.venUvoseZg^ml^rr^T;:^^^^.^' the 
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Examples 1 through 3 and Comparative Examples A and B illustrate the reaction of butyl rubber 
with a meicapto-functional silane with and without free radical forming agents. A moisturc- 
crossUnking polymer is then formed under the reaction conditions according to this invention 
(Examples 1 through 3). 

Examples 1 through 3 (reactions of butyl rubber with mercapto-functional silane 
and free radical forming agent) 

Mixtures of butyl rubber, 3-mercaptopropyl trimethoxysilane, azobisisobutyronitrile and 
stabilizer (this only in Examples 1 and 3) were fed into a heated compounder (see Table 1 for 
amounts used and ten^ratures). 

Table 1 



Reaction of butyl rubber with mercapto-functional silane (Examples 1 through 3) 





Example 1 


Example 2 


Example 3 


Butyl rubber 


50.6 g (85.2%) 


100.0 g (92.3%) 


150.1 g (91.9%) 


3-Mercapto- 
propyltrimethoxysilane 


7.9 g (13.3%) 


7.7 g (7.1%) 


11.5 g (7.0%) 


Azobisisobutyronitrile 


0.66 g (1.1%) 


0.67 g (0.6%) 


1.0 g (0.6%) 


Stabilizer 


0.25 g (0.4%) 




0.75 g (0.5%) 


Temperature (**€) 


150 


150 


100 



After two hours of compounding, the compounded mass was removed and a sample of 0.5 g of 
the mixture was dissolved in 10 mL hexane. After adding 0.25 mL of a 5% hexane solution of 
dibutyltin dilaurate, the solution was poured into water. With all the samples, tiie resulting film 
after evaporating the hexane was no longer soluble in hexane. This shows that the siltoe in the 
inventive Examples 1 through 3 was covalently bonded to tiie polyma- and the polymer was 
moisture crosslinking. 

Comparative Examples A and B (reaction of butyl rubber witfi mercapto-functional silane 
without a ftee radical forming agent) 

Mixtures of butyl rubber, 3-mercapto.propyltiimethoxysilane and stabilizer were mixed in a 
heated compounder (see Table 2 for starting amounts and temperatures). 
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Reacaon of b„Q,l n.bber wiA o«..ap,<.fl„oti«,al sitae wite fi« «jical fomitog age« 

(Comparative Examples A and B) 





Comparative Example A 


Comparative faample B 


Butyl rubber 


50.0 g (92.5%) 


50.0 g (92.5%) 


3-Mercapto- 
propyltrimethoxysilane 


3.8 g (7.0%) 


3.8 g (7.0%) 


Stabilizer 


0.25 g (0.5%) 


0.25 g (0.5%) 


Temperature ("C) 


100 


150 



Co«.pa«ive Examples Q D and B (r««i«, „f b„,y, ^u, ^ , 

and free radical fonning agent) 

radical imtiataB. ^ • vinyl alane under Oie influence of various fiee 

^^50.0g (93.1%) butyl ^bber. 0.25g (0.5%) stabilizer. 0.45g (0.8%) ftee radical 

(Comparative Example C: dibenzoyl peroxide; 
Comparative Example D: dicumyl peroxide; 
Comparative Example E: azobisisobutyronitrile) 

and 3.0 g (5.6%) of vinyl trimethoxysilane were needed for thrn^ K« • 

inftor ♦« icnor. A*. /""oiKi were neeoea lor three hours m a comoounder at 

Z^Z n'^^a.Tl'^r^lr^'.btT- "'^ " 

CO gia., adbesi^ .es. ^"^'tziT::;::^^^^,^ 
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thickness of the sealing compound of 4 mm and an adhesive area of 49 mm x 15 mm were 
produced. The adhesive test bodies were exposed to various environmental influences and were 
subjected to tensile testing at a pulUng rate of 100 mm/min for various periods of time (two to 
four weeks). The tensile force required to destroy the test objects per unit of adhesive area was 
measured. This tested the influence of the silane modification of butyl rubber according to this 
invention on the aging resistance of tiie bonded glass produced with the help of the inventive 
sealing compounds (containing silane-modified butyl rubber). 

Example 4 (Mixing the silane-modified butyl rubber with other ingredients 

to form a sealing compound) 

In a compounder preheated to 100*C, 96.0 g (31.8%) silane-modified butyl rubber (prepared 
according to Example 3) was compounded witii 48.0 g (15.9%) non-reinforcing carbon black 
8.0 g (2.7%) pyrogenic siUca. 60.0 g (19.9%) desiccant. 48.0 g (15.9%) etiiylene-propylene 
copolymer (softening point 100*C) and 1.47 g (0.49%) stabilizer. After 15 minutes, 30.0 g 
(10.0%) low molecular polyisobutylene and 10.0 g (3.3%) eUiylene-propylene copolymer 
(softening point 120*C) were added and compounded for ten minutes. Then 0.03 g (0.01%) 
dibutyltin dilaurate was added and tfie mixture was needed for five minutes more. After 
compounding for two hours in vacuo, the compounded mass was removed from tfie compounder. 
The test bodies produced witii tiiis seaUng compound exhibited good adhesion properties even 
after hot water storage and UV-hot water storage (see Table 3 for results). 

Comparative Example F (mixing non-silane-modified butyl rubber witii otiier ingredients) 

In a compounder preheated to 100°C, 96.0 g (31.8%) butyl rubber was compounded with 48:0 g 
(15.9%) non-reinforcing carbon black, 8.0 g (2.7%) pyrogenic silica, 60.0 g (19.9%) desiccant, 
48.0 g (15.9%), etiiylene-propylene copolymer (softening point llO^C) and 1.50 g (0.50%) 
stabilizer. After 15 minutes, 30.0 g (10.0%) low-molecular polyisobutylene and 10.0 g (3.3%) 
etiiylene-propylene copolymer (softening point 120*C) were added and compounded for 
10 minutes. After compounding for two hours in vacuo, tiie compounded mass was removed 
from tiie compounder. The test bodies produced witii tiiis sealing compound which was not 
according to tiie present invention were tested for tfieir adhesive properties (see Table 3 results). 

Comparative Example G (mixing non-silane-modified butyl rubber 
witii silane and otiier ingredients) 

In a compounder preheated to 100°C, 89.0 g (29.5%) butyl rubber was compounded with 48.0 g 
(15.9%) non-reinforcing carbon black, 8.0 g (2.7%) pyrogenic silica, 60.0 g (19.9%) desiccant, 
48.0 g (15.9%) etiiylene-propylene copolymer (softening point IIC^C) and 1.47 g (0.49%) 
stabilizer. After 15 minutes, 7.0 g (2.3%) 3-gIycidyIoxy-propyltrimetiioxysilane, 30.0 g (10.0%) 
low molecular polyisobutylene and 10.0 g (3.3%) etiiylene-propylene copolymer (softening point 
120°C) were added and tfie mixture was compounded for 10 minutes. -Then 0.03 g (0.01%) 
dibutyltin dilaurate was added and tiie mixture was compounded for 5 more minutes. After 
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inveodon „e. tor .heir ^^.Z^Z t^TiSZT^' 

Table 3 

niparanve examples F and G under vanous storage conditions (values Si MPa) 




14 days at room temperature 



7 days at room temperature, 7 
days at 70''C, water 



7 days at room temperature, 7 
days at 70*'C, diy 



7 days at room tonperature, 21 

days of UV-water s torage 
one test body dismtegrated during storage 
(b) aU test bodies disintegrated during storage 

It can be deduced fiom the results presented in Table 3 th«f «nw .i, 

^™'''^'^"S*'^»»-■»<'*fied butyl robterw^^^ 

In a compounder preheated to 150°C, 2400 e f35 dion. -.~jf j u . 
according to Exa«„lc 3) was con,po™Z^K ^Ttf ^-^^ 
122g (1.8%) pyn,genic silica, lOHg aSmy^o^^ f^TS^^ZZ"^ "f* 
copolymer (softening point 110«C) and 33 1 . m49%i ^ ^ylene-propylene 

(14.0%) low molecule pdyisobutvlL ,™, in H^^f^^ '5 minutes. 950g 

(0.01%) dibutyltin <«.au2^S^^T,S^^ ™'ZZ:SI7 «'™""'- ^ ' 
compounding for two horns in vacun .h. JZ a !^ compounded for 5 mmutes more. After 
He W itei ptod^^ft "^'^ ^ compounder. 

«c^inho.wL»,d Jwa:^^st;^1s:T^4^':'^^^ '™ 

Bcample 6 (Mixing the siIan<^modified butyl ™bber with other ingrediedis) 
Jn . compounder preheated to 150'C. 2000g (25.9%) silane-modified butyl rubber (produced 
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according to Example 3) was compounded with 650 g (8.4%) highly reinforcing caibon black 

190 g (2.5%) pyrogenic silica. 1600 g (20.7%) desiccant, 385 g (5.0%) talc, 1230 g (16.0%) 
ethylene-propylene copolymer (softening point 110°C) and 37.8 g (0.49%) stabilizer. After 
15 minutes, 485 g (6.3%) low molecular polyisobutylene, 850 g (11.0%) hydrogenated 
hydrocarbon resin and 285 g (3.7%) ethylene-propylene copolymer (softening point 120*C) were 
added and the mixture was compounded for 10 minutes more. Then 0.77 g (0.01%) dibutyltin 
dilaurate was added and the mixture was compounded for 5 minutes more. After compounding 
for two hours in vacuo, the compounded mass was removed from the compounder. The test body 
produced with this sealing compound showed good adhesion properties even after hot water 
storage and UV-water storage (see Table 4 for results). 

Example 7 (Mixing the silane-modified butyl rabber with other ingredients) 

In a compounder preheated to ISO^C, 2100 g (26.7%) partially crosslinked silane-modified butyl 
rubber (produced according to Example 3) was compounded with 750 g (9.5%) highly 
reinforcing carbon black. 210 g (2.7%) pyrogenic silica, 1230 g (15.7%) desiccant, 1050 g 
(13.4%) ethylene-propylene copolymer (softening point 110°C) and 38.5 g (0.49%) stabihzer. 
After 15 minutes, 86.5 g (1.1%) 3-glycidyloxypropyl-trialkoxysilane, 1180 g (15.0%) low- 
molecular polyisobutylene, 835 g (10.6%) hydrogenated hydrocarbon resin and 380 g (4.8%) 
ethylene-propylene copolymer (softening point 120*0 were added and compounded for 
ten mmutes. Then 0.9 g (0.01%) dibutyltin dUaurate was added and the mixture was compounded 
for five minutes more. After compounding for two hours in vacuo, the compound was removed 
from the compounder. The test bodies produced with this sealing compound had good adhesion 
properties even after warm water storage and UV-water storage (see Table 4 for results). 

Comparative Example H (Traditional polysulfide sealant) 

For comparison purposes, the test results of adhesion of a known polysulfide sealant for sealing 
multilayer insulating glass are shown in Table 4. 

Comparative Example J (Traditional polyurethane sealant) 

For comparison purposes, the test results of adhesion of a known polyurethane sealant for sealing 
multilayer insulating glass are shown in Table 4. 

Table 4 

Adhesion values for test bodies according to Examples 5 through 7 
and Comparative Examples H and J (values in MPa) 



1 Storage 


Example 5 


Example 6 


Example 7 


Comp. 


Comp. 1 



\ 
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14 days at room 
temperature 

7 days room temperature, 
7 days at 70^C, water 

7 days room temperature, 
7daysat70''C,dry 

7 days room temperature, 
21 days UV- water 
storage 



1.2 V 0.1 


1.3 V 0.1 


1.3 V 0.1 


1.3 V 0.1 


1.2 V 0.1 


1.1 V 0.1 


1.1 V 0.1 


1.2 V 0.1 


1.4 V 0.1 


1.3 V 0.1 


1.3 V 0.1 


1.3 V 0.1 



Example H 
1.2 V 0.1 

0.9 V 0.1 

1.2 V 0.1 

0.8 V 0.1 



Example J 
1.1 V 0.1 

0.9 V 0.1 
1.1 V 0.1 
0.9 V 0.1 



Table 4 shows that the adhesive bodies produced with the if,v^n««* . r 
least equaUy good adhesion values, in ^Z^t^^^ Z^ compounds have at 

adhesion test bodiesproduced with ti,e™Sr ^""'"^ ^''"^ *^ 



Example 8 (Ptoduction and testing of multUayer insulating glass) 

standard test body dimSsLrof^O^ S Z^-^" "'l ^"^^ *^ 
flush over the fi^t and the ins2tingX S^tT^^ '''^ 
(interspace between the panes of glass)fll^ * ^"^"^ 

All these multilayer insulating glass units were tested according to DIN p..^ i a 
also subjected to additional tests such as constant storag^^^ 
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Patent Claims 



1. SeaUng compound for producing multilayer insulating glass with which the sealing compound 
serves as a spacer, characterized in that the sealing compound comprises a silane-modified butyl 
rubber. 



2. Sealing compound according to Claim 1, characterized in that it has the foUowing compositii 
(amounts given in wt%): 



ion 



(a) silane-modified butyl rubber 5-70% 

(b) thermoplastic polymers 5-40% 

(c) rubbers 0-40% 

(d) tackifying additives 5-50% 

(e) crosslinking catalysts 0-2% 

(f) adhesion promoter substances 0-5% 

(g) stabilizers 0.1-4% 

(h) reinforcing and non-ieinfoicing fillers 5-60% 

(i) desiccants 1-40% 



3. Sealing compound according to Claims 1 and 2, characterized in that it has the following 
preferred composition (amounts given in wt%): 



(a) silane-modified butyl rubber 


10-60% 


(b) thermoplastic polymers 


7-35% 


(c) rubbers 


2-35% 


(d) tackifying additives 


6-40% 


(e) crosslinking catalysts 


0-1% 


(f) adhesion promoter substances 


0-3% 


(g) stabilizers 


0.2-3% 


(h) reinforcing and non-reinforcing fillers 


7-50% 


(i) desiccants 


5-35% 



4. Sealing compound according to Claims 1 through 3, characterized in that the silane-modified 
butyl rubber is produced by reacting butyl rubber with at least one silane containing meicapto 
groups and also containing hydroxyl groups or hydrolyzable groups and with at least one fiee 
radical forming agent. 

5. Sealing compound according to Claims 1 through 4, characterized in that the silane-modified 
butyl rubber is produced by reacting butyl rubber with at least one free radical fonning agent and 
at least one silane that contains mercapto groups as well as hydroxyl groups or- hydrolyzable 
groups and has the following structure: 
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[see source for formula] 
wherein 

A denotes (CHa)™ orR^NH-CO-NH-R* or R'-O-R^ or R^-S-R'' and 

or iS^^^S' ' 1 ""'^^^'^^'^ group with 1 to 20 carbons or a substituted 

R* and R^ may be the same or different, and 

In^l t ''^^'2 °' ' hydiolyzable group, and when there are several X groups in a 

molecule, they may be the same or different, and 

a stands for 0, 1 or 2 and 

b stands for 0, 1, 2 or 3 and 

the sum of a and b is no greater than 4 and 

n is an integer between 0 and 19 and 

Rj, R'' staid for (CH2)„. or (CH2)„-NH-(CH2)„, and 

R andR may be the same or different. 

6. Sealing compound according to Claim 5, characterized in that 

A = (CH2)3, a = 0. b = 0, n = 0, X = OCH3, or 

A = (CH2)3, a = 0. b = 0, n = 0, X = OEt, or 

A = (CH2)3, a = 0, b = 1 , n = 0, X = OCH3, r2 =: CH3. 

IJvT^l^^^Z^ Tk"^^ ^^r^ ^ ^' characterized in that the silane-modified 

butyl rubber is produced by reacting butyl mbber with at least one silane that contains macabto 
goups and also hydroxyl groups or hydrolyzable groups and with at lea^t o^^S 
forming agent ftom the group of azo compounds, peroxide compounds or redox im^at^. 

bu^rlif^r Tn^ 'Tk ^^"^"^ ^ ^' characterized in that the silane-modified 

butyl rubber is produced by reaction at temperatures close to or above the decon,no«ri^ 
temperature of the free radical forming agent used. aDove the decomposition 

bu^^HLrr^"^ "r^*"^ ^ characterized in that the silane;modified 

butyl rubber is produced m a compounder, a single-screw extruder or a twin-screw extruder 

bLl^SrT^^^'lT*""^ ^^^"^ ^ "^"Sh 9. characterized in that the sUane-modified 
butyl rubber is produced by reacUng partially crosslinked butyl rabber with at least one^la^e 

11. Two^mponent seaUng compound according to one of Claims 2 through 10 containing as 
the first component the ingredients (a) through (c) and (0 through (h)^d J Ts^ond 
component the crosslinldng catalyst (e). ^ ^ / 
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i^- Jwo-component sealing compound accoiding to one of Claims 2 through 10, containing as 
tt.e first component the ingredients (a) through (h) and as the second component a maS IS 
contains or releases water. *"«tv.iiai uiai 



13. Use of the sealing compound accoiding to Qaims 1 through 12 for producing multilayer 

14 Use according to Qaim 13 in which the sealing compound serves as a multifunctional sealant 
and at the same time as a spacer, a desiccant matrix, a water vapor barrier and gas diffusion 
bamer and as an elastic edge sealing. k«» uuii«,iun 

^;^!!f T'^liiL^^'^ ^""^ i^t^'spa^^ between the 

^es of glass is filled pnmanly with at least one noble gas or one heavy gas or a mixture of the 

16. Use according to Qaims 13 through 15 in which the sealing compound is applied to the edge 
area of a pane of glass, then a second pane of glass is placed over it to cover it exacdy and th«, 
the insdatmg glass i«ut is pressed to the piedelemrined to^^ 

S^f tiS^ " """^ ^ ^ * 

^^p^ow!^ ^""^ ^"^^ """^'^^"^^ fi*^ 

18. Use according to Claims 13 through 17 in which the components having the composition 
^^glL '^'''^^ ^^'''^ ^ "^"^ compomid is applied to the 



t 
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